Introduction
============

Type 2 diabetes mellitus (T2DM) accounts for 90% to 95% of all cases of diagnosed diabetes mellitus (DM) in adults \[[@b1-212264]\]. Chronic hyperglycemia is the hallmark of T2DM and is associated with the development of microvascular complications, including retinopathy, neuropathy, and nephropathy \[[@b2-212264]\].

Control of blood glucose is fundamental to T2DM management. The American Diabetes Association/European Association for the Study of Diabetes and the American Association of Clinical Endocrinologists (AACE) recommend glycated hemoglobin (HbA~1c~) levels \<7.0% and ≤6.5%, respectively, for most patients, but that glycemic goals should be individualized for each patient \[[@b3-212264],[@b4-212264]\]. Lifestyle changes such as diet, exercise, and weight loss are typically recommended for patients with T2DM, but most patients require pharmacotherapy to achieve glycemic goals \[[@b5-212264]\].

Despite the availability of several antihyperglycemic agents, only 53% of patients with DM achieve HbA~1c~ \<7.0% \[[@b6-212264]\]. Therefore, there is a need for new therapeutic options with innovative mechanisms of action and acceptable safety profiles to improve glycemic control in patients with T2DM.

A new approach to reduce plasma glucose concentrations in patients with T2DM is to inhibit glucose reabsorption by the kidney \[[@b7-212264]\]. Recently, several members of a new class of drugs, sodium-glucose co-transporter 2 (SGLT2) inhibitors, that act via this mechanism have been approved as therapy for T2DM. Here, I discuss the role of the kidney and SGLT2 in glucose homeostasis, and the mechanism of action of SGLT2 inhibitors. Also, I summarize the efficacy and safety of canagliflozin, dapagliflozin, and empagliflozin. These SGLT2 inhibitors have been approved in the United States (US), European Union (EU), and other countries for the treatment of patients with T2DM.

Role of the kidney in glucose homeostasis
=========================================

The kidney contributes to glucose homeostasis primarily by glucose reabsorption to the circulation. Glucose is filtered freely by the kidneys. In healthy individuals, almost all of it is reabsorbed by the kidneys \[[@b8-212264]\]. Glucose reabsorption by the kidney is mediated by specific glucose transport proteins, in particular SGLT2, which is responsible for most of the glucose reabsorption by the kidney ([Figure 1](#f1-212264){ref-type="fig"}) \[[@b8-212264]\]. In individuals with T2DM, the renal capacity to reabsorb glucose is increased \[[@b9-212264]\] and contributes to the already increased plasma glucose concentrations. Moreover, the plasma glucose concentration at which renal excretion of glucose occurs (i.e., the threshold) is also elevated in T2DM \[[@b9-212264]\]. The increased threshold and capacity to reabsorb glucose in T2DM may be the result of upregulation of expression of SGLT2 in the proximal tubule \[[@b10-212264]\]. Therefore, inhibition of glucose reabsorption and augmentation of renal excretion of glucose represents a novel mechanism to reduce plasma glucose that is complementary to the mechanisms of current drug classes for T2DM.

Inhibition of SGLT2
===================

SGLT2 inhibitor--induced glucose excretion is proportional to the amount of glucose filtered by the kidneys, which is a function of the glomerular filtration rate (GFR) and plasma glucose concentration \[[@b11-212264]\]. This phenomenon results in several important considerations regarding the mechanism of action of SGLT2 inhibitors. First, increased plasma glucose concentration (as observed in DM) leads to increased glucose filtration (dependent on the GFR) and may allow greater excretion of glucose with SGLT2 inhibition. Second, because the mechanism of action of SGLT2 inhibitors is independent of the secretion or action of insulin and diminishes as patients' plasma glucose concentrations decrease, the intrinsic risk of hypoglycemia with this drug class is low \[[@b12-212264]\]. Furthermore, glucose excretion as a consequence of SGLT2 inhibition results in a loss of calories that leads to a decrease in body weight and fat mass \[[@b13-212264],[@b14-212264]\], an additional benefit that addresses two of the underlying factors in the pathogenesis of T2DM: excessive caloric intake and increased body weight \[[@b15-212264]\]. SGLT2 inhibitors also have a mild diuretic effect \[[@b16-212264]\], with modest lowering of blood pressure (BP) in patients with T2DM \[[@b14-212264],[@b17-212264]\].

Canagliflozin
=============

Canagliflozin (Invokana[\*](#fn2-212264){ref-type="fn"}) was approved in the US and EU in 2013 for the treatment of T2DM. The recommended starting dose is 100 mg once daily, which can be increased to 300 mg once daily in patients tolerating canagliflozin who have an estimated GFR (eGFR) ≥60 mL/min/1.73 m^2^ and who require additional glycemic control \[[@b18-212264]\]. A maximum dose of 100 mg is recommended for patients with an eGFR 45 to \<60 mL/min/1.73 m^2^; canagliflozin should not be used in patients with an eGFR \<45 mL/min/1.73 m^2^ \[[@b18-212264]\]. After oral administration of canagliflozin to individuals with T2DM, maximum plasma concentrations were obtained in 1.5 to 2 h, with a mean half-life (t~½~) of 14 to 16 h, which is consistent with once-daily dosing \[[@b19-212264]\]. Canagliflozin inhibits renal reabsorption of glucose \[[@b20-212264]\] and has some affinity for SGLT1 \[[@b21-212264]\], the major intestinal glucose transporter \[[@b22-212264]\]. At a dose of 300 mg taken before a meal, canagliflozin inhibits SGLT2, but may also inhibit SGLT1 in the intestine and delay postprandial glucose (PPG) absorption \[[@b23-212264]\].

Coadministration of uridine 5′-disphosphate glucuronosyltransferase inducers such as rifampin decreases exposure to canagliflozin, whereas canagliflozin increases exposure to digoxin \[[@b18-212264]\]. Patients taking canagliflozin with digoxin should be monitored appropriately.

Efficacy
--------

In clinical trials, canagliflozin at 100 mg/d and 300 mg/d significantly reduced HbA~1c~ by 0.37% to 1.16%, and fasting plasma glucose (FPG) by 25 to 43 mg/dL compared with placebo when used as monotherapy or as add-on therapy to commonly used antidiabetic medications ([Table 1](#t1-212264){ref-type="table"}). Canagliflozin also decreased PPG compared with placebo or comparator \[[@b24-212264],[@b25-212264]\]. The favorable effect on glycemic parameters was accompanied by reductions in body weight of 1.9 to 3.3 kg. Canagliflozin-induced weight reduction was largely the result of a reduction in fat mass \[[@b14-212264]\]. In these clinical trials, placebo- or comparator-corrected reductions in systolic blood pressure (SBP) and diastolic blood pressure (DBP) of up to −7 mmHg and −3 mmHg, respectively, were observed with canagliflozin.

When compared with glimepiride as add-on therapy to metformin, canagliflozin 100 mg/d was noninferior to glimepiride and at 300 mg/d was superior to glimepiride in reducing HbA~1c~ after 52 weeks of treatment ([Table 1](#t1-212264){ref-type="table"}) \[[@b14-212264]\]. The reduction in FPG with canagliflozin was slightly greater than that seen with glimepiride. Body weight decreased with both canagliflozin doses (−3.7 kg \[−4.4%\] and −4.0 kg \[−4.7%\]; *P*\<0.0001 for both doses *vs* glimepiride), whereas there was a small increase (0.7 kg \[1.0%\]) with glimepiride.

In patients receiving background metformin therapy, canagliflozin 100 mg/d for 52 weeks (26-week placebo-and sitagliptin-controlled period followed by a 26-week sitagliptin-controlled period \[placebo group switched to sitagliptin\]) was noninferior and 300 mg/d was superior to sitagliptin in reducing HbA~1c~ ([Table 1](#t1-212264){ref-type="table"}) \[[@b24-212264]\]. At week 26, canagliflozin 100 and 300 mg/d significantly reduced HbA~1c~ compared with placebo (−0.79% and −0.94%, respectively, *vs* −0.17% for placebo; *P*\<0.001). Both doses of canagliflozin also significantly reduced body weight (*P*\<0.001), FPG (*P*\<0.001), and SBP (difference from sitagliptin, −2.9 and −4.0 mmHg; *P*\<0.001) to a greater extent than that seen with sitagliptin at 52 weeks. In older patients (mean age, 64 years) with T2DM taking antihyperglycemic medications, placebo-corrected changes from baseline to 26 weeks in HbA~1c~ were −0.57% and −0.70% (both *P*\<0.001 *vs* placebo) and in FPG were −26 and −28 mg/dL (both *P*\<0.001 *vs* placebo) with canagliflozin 100 and 300 mg/d, respectively. More patients receiving canagliflozin achieved HbA~1c~ \<7% (48% and 59%, respectively; *P*\<0.001 *vs* placebo) than those receiving placebo (28%) \[[@b26-212264]\]. Placebo-corrected mean changes in body weight were −2.1 and −2.7 kg for canagliflozin (*P*\<0.001 for both doses). Compared with placebo, SBP was reduced by 5 and 8 mmHg with canagliflozin (*P*\<0.001 for both doses).

The mechanism of action of SGLT2 inhibitors is dependent on renal filtration of glucose. Hence, the effect of canagliflozin was assessed in patients with chronic kidney disease (CKD) (mean eGFR, 39.4 mL/min/1.73 m^2^). Mean changes from baseline HbA~1c~ relative to placebo were −0.30% (*P*\<0.05) and −0.40% (*P*\<0.001) with canagliflozin 100 and 300 mg/d, respectively \[[@b27-212264]\], which were less than those seen in patients with normal or near-normal kidney function \[[@b24-212264],[@b25-212264]\]. Changes in FPG appeared greater with canagliflozin than with placebo, but differences were not analyzed statistically. Body weight was reduced with canagliflozin relative to placebo (−1.4 and −1.6 kg for canagliflozin). Both doses of canagliflozin were associated with greater decreases from baseline compared with placebo in SBP (−6.1 and −6.4 *vs* −0.3 mmHg) and DBP (−2.6 and −3.5 *vs* −1.4 mmHg).

Safety
------

In clinical trials, canagliflozin was, in general, well tolerated. Genital infections were more frequent with canagliflozin than with placebo, especially in women ([Table 2](#t2-212264){ref-type="table"}) \[[@b14-212264],[@b24-212264]--[@b26-212264],[@b28-212264]\]. In most studies, osmotic diuresis--related adverse events (AEs; e.g. pollakiuria and polyuria) were increased with canagliflozin compared with placebo \[[@b14-212264],[@b24-212264]--[@b26-212264],[@b28-212264]\]. Canagliflozin may cause hyperkalemia, especially in patients with moderate renal impairment (eGFR 45 to \<60 mL/min/1.73 m^2^) and in patients taking drugs that affect potassium excretion, such as potassium-sparing diuretics or inhibitors of the renin--angiotensin--aldosterone system \[[@b29-212264]\]. Volume-related AEs (e.g. postural dizziness and orthostasis) were modestly increased with canagliflozin in some studies \[[@b26-212264],[@b28-212264]\]. Small, acute decreases in the eGFR with canagliflozin have been reported in patients with T2DM and normal renal function \[[@b14-212264]\] and in those with CKD \[[@b27-212264]\]. Events of hypoglycemia were infrequent and occurred similarly with canagliflozin and placebo in most studies ([Table 2](#t2-212264){ref-type="table"}). Hypoglycemia AEs increased when canagliflozin was added to insulin therapy.

Canagliflozin increased low-density lipoprotein cholesterol (LDL-C) by 2% to 12% compared with placebo or comparator and high-density lipoprotein cholesterol (HDL-C) by 1% to 9%. Modest and variable reductions in triglycerides were noted \[[@b14-212264],[@b24-212264]--[@b26-212264],[@b28-212264]\]. In a pool of four placebo-controlled trials, canagliflozin increased LDL-C relative to placebo by 4.5% and 8.0% at 100 and 300 mg/d, respectively \[[@b18-212264]\].

Dapagliflozin
=============

Dapagliflozin (Farxiga[†](#fn3-212264){ref-type="fn"}), a highly selective inhibitor of SGLT2 \[[@b21-212264]\], was approved for the treatment of T2DM in the EU and other countries in 2012 and in the US in 2014. In the US, the recommended starting dose is 5 mg once daily, which can be increased to 10 mg once daily in patients tolerating dapagliflozin and who require additional glycemic control \[[@b30-212264]\]. In the EU, the recommended starting dose is 10 mg \[[@b31-212264]\]. Kidney function should be assessed before initiating dapagliflozin, and it should not be used in patients with an eGFR \<60 mL/min/1.73 m^2^. Also, dapagliflozin should be discontinued if the eGFR persistently falls below 60 mL/min/1.73 m^2^ \[[@b30-212264]\].

Dapagliflozin is absorbed rapidly after oral administration \[[@b32-212264]\], with a mean t~½~ of ≈14 h \[[@b33-212264]\], which is consistent with once-daily dosing. A high-fat meal does not affect overall systemic exposure to dapagliflozin, thus allowing for administration with or without food \[[@b34-212264]\].

Coadministration of dapagliflozin with metformin, glimepiride, pioglitazone, or sitagliptin had no effect on the maximum plasma concentration or area under the plasma concentration compared with time curve of dapagliflozin. In addition, dapagliflozin did not affect the pharmacokinetics of the coadministered drugs \[[@b35-212264]\]. Similarly, no meaningful drug--drug interactions were noted between dapagliflozin and simvastatin, valsartan, warfarin, or digoxin \[[@b36-212264]\].

Efficacy
--------

In 24-week Phase III clinical trials, dapagliflozin reduced mean HbA~1c~ at the approved doses of 5 and 10 mg/d (0.40%--0.54% and 0.50%--0.68%, respectively) compared with placebo in patients with T2DM when used as monotherapy or as add-on therapy to metformin, glimepiride, pioglitazone, sitagliptin, or insulin ([Table 3](#t3-212264){ref-type="table"}). In these trials, dapagliflozin reduced FPG by 15 to 28 mg/dL compared with placebo. In most of these placebo-controlled trials, dapagliflozin significantly reduced body weight by ≤2.0 kg compared with placebo. As with canagliflozin, the reduction in body weight with dapagliflozin appeared to be largely the result of a reduction in fat mass \[[@b13-212264]\]. Effects of dapagliflozin on glycemic parameters and body weight were maintained for \>2 years \[[@b37-212264]--[@b39-212264]\].

In one study, dapagliflozin 10 mg/d was compared with the sulfonylurea glipizide as add-on therapy to metformin in patients with T2DM that was inadequately controlled with metformin \[[@b40-212264]\]. The adjusted mean change from baseline in HbA~1c~ at 52 weeks between dapagliflozin and glipizide treatment groups was identical (−0.52%; [Table 3](#t3-212264){ref-type="table"}). Both drugs reduced FPG to a similar extent. Dapagliflozin reduced mean body weight by 3.2 kg (*P*\<0.0001 *vs* glipizide), whereas glipizide increased body weight by 1.4 kg.

Two randomized, 24-week, active-control trials examined the effects of dapagliflozin 5 and 10 mg/d combined with metformin XR (most patients received 2000 mg/d) as initial therapy in treatment-naïve patients with T2DM \[[@b41-212264]\]. Dapagliflozin 5 and 10 mg/d plus metformin XR were more effective than either drug alone in reducing mean HbA~1c~ (*P*\<0.0001; [Table 3](#t3-212264){ref-type="table"}). Similarly, dapagliflozin 5 and 10 mg/d plus metformin XR were more effective in reducing mean FPG than either drug alone (*P*\<0.0001). Combinations were also more effective in reducing body weight than metformin alone (*P*\<0.0001). In a prespecified comparison, dapagliflozin 10 mg was noninferior to metformin XR in reducing HbA~1c~ and superior to metformin XR in reducing FPG and body weight.

In older patients (mean age, 63--64 years) with T2DM and cardiovascular disease \[[@b42-212264]\] or T2DM and cardiovascular disease and hypertension \[[@b43-212264]\], changes from baseline compared with placebo at 24 weeks in HbA~1c~ (−0.3% *vs* 0.1% with placebo \[*P*\<0.001\] and −0.4% *vs* 0.1% \[*P*\<0.01\], respectively), body weight (−2.5 *vs* −0.6 kg \[*P*\<0.001\] and −2.6% *vs* −0.3% \[*P*\<0.01\]), and SBP (−2.7 *vs* 0.3 mmHg \[*P*\<0.001\] and −3.0 *vs* −1.0 mmHg \[*P*\<0.01\]) were greater with dapagliflozin than with placebo.

In addition, more patients in the dapagliflozin groups than in the placebo groups (10.0% *vs* 1.9% with placebo \[*P*\<0.001\] and 11.7% *vs* 0.9% \[*P*\<0.0001\]) achieved a three-item coprimary end point of reduction of HbA~1c~ ≥0.5%, reduction of body weight ≥3%, and reduction of SBP ≥3 mmHg. These findings suggest that dapagliflozin improves glycemic control and body weight in older patients with advanced T2DM and cardiovascular disease.

The effect of dapagliflozin on HbA~1c~ was assessed in patients with T2DM and moderate renal impairment (\>90% of patients had an eGFR of 30--59 mL/min/1.73 m^2^) \[[@b44-212264]\]. After 24 weeks of treatment, mean decreases from baseline in HbA~1c~ were similar for placebo (−0.32%) and dapagliflozin 5 and 10 mg (−0.41% and −0.44%, respectively). FPG increased with placebo (8.4 mg/dL) but decreased with dapagliflozin (−5.2 and −0.6 mg/dL). Mean changes from baseline in body weight for dapagliflozin were −1.3 and −1.7 kg compared with +0.7 kg for placebo. A pharmacodynamic study in patients with T2DM also suggested that dapagliflozin may have reduced efficacy in patients with moderate (creatinine clearance, 30--50 mL/min) to severe (\<30 mL/min) renal impairment \[[@b45-212264]\]. Dapagliflozin is not recommended for use in patients with an eGFR \<60 mL/min/1.73 m^2^ and is contraindicated in patients with an eGFR \<30 mL/min/1.73 m^2^ \[[@b44-212264]\].

BP was assessed as a safety or exploratory end point in the aforementioned Phase III trials. Dapagliflozin treatment resulted in placebo-corrected reductions in SBP of ≤5 mmHg and in DBP of ≤4 mmHg \[[@b46-212264]--[@b50-212264]\]. Despite these reductions in BP, no substantial increases in orthostatic hypotension events were reported with dapagliflozin in these studies \[[@b46-212264],[@b47-212264],[@b50-212264]\].

Two double-blind, randomized, placebo-controlled, 12-week studies assessed the effects of dapagliflozin 10 mg/d on seated SBP in patients with T2DM and hypertension and inadequate glycemic (HbA~1c~, 7.0%--10.5%) and BP (seated SBP/DBP, 140--164/85--104 mmHg) control despite receiving glucose-lowering drugs and an angiotensin-converting enzyme inhibitor (ACEI) or an angiotensin receptor blocker (ARB) \[[@b51-212264]\] or an ACEI/ARB plus a second antihypertensive drug \[[@b52-212264]\]. In one study, dapagliflozin significantly reduced HbA~1c~ (difference *vs* placebo, −0.46%; *P*\<0.0001) and seated SBP (−3 mmHg, *P*=0.001) \[[@b51-212264]\]. Similar responses to dapagliflozin (difference *vs* placebo: HbA~1c~, −0.61% \[*P*\<0.0001\]; seated SBP, −4 mmHg \[*P*=0.0002\]) were observed in the other study \[[@b52-212264]\]. There were no marked effects of dapagliflozin on serum electrolytes or on the GFR. These studies showed that dapagliflozin consistently lowered BP in patients with T2DM and hypertension, and improved glycemic parameters in patients with inadequate glycemic control.

Safety
------

In Phase III trials, AEs reported with dapagliflozin were, in general, mild to moderate and, except for infections of the genital tract and urinary tract, were reported at a similar frequency as with placebo. In patients with T2DM and cardiovascular disease and hypertension, AEs were balanced across dapagliflozin and placebo groups \[[@b43-212264]\]. The most common AEs in most studies were genital and urinary tract infections, headache, diarrhea, nasopharyngitis, and back pain \[[@b46-212264]--[@b50-212264]\].

Increased urinary excretion of glucose may increase the risk for genital and urinary tract infections \[[@b53-212264]\]. Therefore, in the dapagliflozin clinical development program, signs and symptoms suggestive of such infections were defined prospectively, and patients were actively questioned about these symptoms at all study visits throughout the trials \[[@b46-212264]\]. Across the trials, signs, symptoms, and other reports suggestive of genital infections and, in some trials, urinary tract infections, were more frequent in dapagliflozin-treated groups compared with placebo groups ([Table 4](#t4-212264){ref-type="table"}). Events were of mild to moderate intensity. Infections were responsive to standard care, did not typically require interruption of dapagliflozin therapy, and rarely resulted in discontinuation of the studies \[[@b46-212264]--[@b48-212264]\].

In data pooled from 12 randomized trials (12- to 24-week duration), more patients treated with dapagliflozin (2.5, 5, or 10 mg/d) had diagnosed cases of genital infections (4%--6%) than did patients receiving placebo (1%) \[[@b54-212264]\]. Most cases were mild to moderate and responded to standard care. In these trials, percentages of patients reporting diagnosed cases of urinary tract infections were slightly higher with dapagliflozin (4%--6%) than with placebo (4%) \[[@b55-212264]\]. Most cases were mild to moderate and did not recur during the trial duration or result in interruption or discontinuation of dapagliflozin therapy.

Analyses of the eGFR from 12 placebo-controlled, randomized trials of ≤24 weeks and from five trials of ≤102 weeks found that the eGFR decreased at week 1, returned to baseline by week 24, and remained stable thereafter to week 102 in patients treated with dapagliflozin 5 or 10 mg/d \[[@b56-212264]\]. It has been suggested that the acute reductions in eGFR with dapagliflozin may reflect reversible hemodynamic effects rather than permanent changes in renal function \[[@b16-212264]\].

Events of hypoglycemia were infrequent and occurred at a similar rate with dapagliflozin as with placebo in the dapagliflozin monotherapy study \[[@b47-212264]\], add-on to metformin studies \[[@b13-212264],[@b46-212264]\], add-on to pioglitazone study \[[@b49-212264]\], and add-on to sitagliptin study ([Table 4](#t4-212264){ref-type="table"}) \[[@b49-212264],[@b57-212264]\]. The proportion of patients reporting hypoglycemic episodes was higher when dapagliflozin was added to a sulfonylurea (7%--8% *vs* 5% with placebo) or insulin (54%--56% *vs* 52% with placebo) \[[@b48-212264],[@b50-212264]\]. In the add-on to insulin study, the proportion of patients with a major hypoglycemic event was low and similar across placebo (1.0%) and dapagliflozin (0.9%--1.5%) groups. In the study in which dapagliflozin 10 mg/d was compared with glipizide as add-on therapy to metformin, the number of patients reporting hypoglycemic episodes was tenfold higher with glipizide (41%) than with dapagliflozin (4%) \[[@b40-212264]\].

Dapagliflozin had variable effects on plasma lipids. Changes in LDL-C (−0.5% to +9.5%), HDL-C (+2.1% to +9.3%), and triglycerides (−0.9% to −10.6%) were noted in clinical trials \[[@b17-212264]\]. In a pool of 13 placebo-controlled studies, the mean percentage change from baseline for total cholesterol after 24 weeks of treatment with dapagliflozin 10 mg was 2.5% compared with 0% for placebo and for LDL-C was −1.0% *vs* 2.9% \[[@b44-212264]\].

In the clinical development program for dapagliflozin, an imbalance in bladder cancer was observed with dapagliflozin. Newly diagnosed bladder cancer was reported in 10/6045 patients (0.17%) treated with dapagliflozin and 1/3512 patients (0.03%) treated with placebo or comparator \[[@b58-212264]\]. After excluding patients exposed to dapagliflozin for \<1 year at the time of the diagnosis of bladder cancer, there were four cases of bladder cancer with dapagliflozin and no cases with placebo or comparator. Risk factors for bladder cancer and hematuria (a potential indicator of preexisting tumors) \[[@b59-212264]\] at baseline were balanced between treatment groups. There were insufficient data to determine whether the cases of bladder cancer were related to dapagliflozin or whether dapagliflozin had an effect on preexisting bladder tumors. The incidence of bladder cancer with dapagliflozin is being monitored during an ongoing cardiovascular outcomes trial as well as through continued postmarketing surveillance \[[@b58-212264]\]. Dapagliflozin should not be used in patients with active bladder cancer, and should be used with caution in those with a history of bladder cancer \[[@b30-212264]\].

Empagliflozin
=============

Empagliflozin (Jardiance[‡](#fn4-212264){ref-type="fn"}) was approved in the EU and US in 2014 \[[@b60-212264]\]. The recommended starting dose is 10 mg/d, which can be increased to 25 mg/day \[[@b61-212264]\]. Empagliflozin should not be used in patients with an eGFR \<45 mL/min/1.73 m^2^, and renal function should be monitored more frequently (at least yearly according to EU prescribing information) in patients with an eGFR \<60 mL/min/1.73 m^2^ \[[@b61-212264],[@b62-212264]\]. In patients with T2DM, empagliflozin was absorbed rapidly with a mean t~½~ of 10 h--19 h \[[@b63-212264]\]. In healthy volunteers, empagliflozin pharmacokinetics were similar with and without coadministration of metformin, glimepiride, pioglitazone, sitagliptin, linagliptin, warfarin, verapamil, ramipril, simvastatin, hydrochlorothiazide, and torasemide \[[@b64-212264]\].

Efficacy
--------

In Phase III clinical trials, placebo-corrected mean changes from baseline in HbA~1c~ for empagliflozin 10 and 25 mg/d were −0.74% to −0.85% if used as monotherapy \[[@b65-212264]\] and −0.38% to −0.64% if used as add-on therapy ([Table 5](#t5-212264){ref-type="table"}) \[[@b66-212264]--[@b69-212264]\]. Empagliflozin also significantly reduced FPG (placebo-corrected change from baseline, −12 to −36 mg/dL) ([Table 5](#t5-212264){ref-type="table"}) and 2-h PPG after a mixed-meal test (placebo-corrected change from baseline, −33 to −52 mg/dL) \[[@b66-212264],[@b67-212264]\]. Placebo-corrected mean change in body weight with empagliflozin ranged from −1.6 to −2.5 kg ([Table 5](#t5-212264){ref-type="table"}). Across these clinical trials, empagliflozin consistently reduced SBP (−2.9 to −5.2 *vs* 7 to −2.9 mmHg for placebo) and DBP (−1.0 to −2.5 *vs* 0.3 to −2.2 mmHg for placebo) to a greater extent than placebo.

In a study comparing the effects of empagliflozin (25 mg/d) compared with glimepiride (1--4 mg/d) as add-on therapy to metformin \[[@b70-212264]\], empagliflozin was noninferior to glimepiride (*P*\<0.0001) with respect to the change in HbA~1c~ after 52 and 104 weeks of treatment ([Table 5](#t5-212264){ref-type="table"}) and was superior to glimepiride at 104 weeks (difference *vs* glimepiride, −0.11%). Reduction in FPG was significantly (*P*\<0.0001) greater with empagliflozin compared with glimepiride at 52 and 104 weeks ([Table 5](#t5-212264){ref-type="table"}). Patients receiving empagliflozin had a reduction from baseline in weight at 52 weeks (−3.2 kg) that was maintained at 104 weeks (−3.1 kg). Weight gains with glimepiride were reported at these two time points (1.6 and 1.3 kg, respectively). Almost 90% of the weight loss with empagliflozin appeared to be the result of a reduction in fat mass (abdominal visceral and subcutaneous adipose tissue) \[[@b70-212264]\]. Empagliflozin reduced SBP (−3.6 and −3.1 mmHg) and DBP (−1.9 and −1.8 mmHg) at 52 and 104 weeks, whereas SBP (+2.2 and +2.5 mmHg) and DBP (+0.9 and +0.9 mmHg) were increased with glimepiride at these time points.

The efficacy and safety of empagliflozin compared with placebo added to existing antidiabetic drugs were assessed in patients with T2DM and stage-II (eGFR ≥60 to \<90 mL/min/1.73 m^2^), stage-III (≥30 to \<60 mL/min/1.73 m^2^), or stage-IV (eGFR ≥15 to \<30 mL/min/1.73 m^2^) CKD \[[@b71-212264]\]. In patients with stage-II CKD, empagliflozin (10 and 25 mg/d) significantly reduced HbA~1c~ from baseline at 24 weeks compared with placebo (difference *vs* placebo −0.52% and −0.68%, *P*\<0.0001 for both). Both doses of empagliflozin also produced significant placebo-corrected reductions in FPG (−20 and −24 mg/dL), body weight (−1.4 and −2.0 kg), SBP (−3.6 and −5.1 mmHg), and DBP (−2.5 and −3.3 mmHg). Changes in glycemic measures, body weight, and BP were sustained at week 52. As expected, based on the mechanism of action of empagliflozin, the changes in glycemic and metabolic measures in patients with stage-III and -IV CKD were less than those in patients with stage-II CKD. In patients with stage-III CKD, empagliflozin (25 mg/d only) significantly reduced HbA~1c~ (difference *vs* placebo, −0.42%), FPG (−20 mg/dL), body weight −0.9 kg), SBP (−4.3 mmHg), and DBP (−1.9 mmHg) at week 24. These changes were sustained at 52 weeks of treatment. In patients with stage-IV CKD, empagliflozin (25 mg/d) had little or no effect on HbA~1c~ and FPG compared with placebo after 24 and 52 weeks of treatment. However, greater reductions in body weight (−1.4 *vs* −0.1 kg), SBP (−7.4 *vs* 1.2 mmHg), and DBP (−2.4 *vs* 0.7 mmHg) occurred in patients receiving empagliflozin for 24 weeks than in those receiving placebo; these effects were sustained for 52 weeks.

Safety
------

Empagliflozin was, in general, well tolerated, with similar incidences of AEs in empagliflozin-treated groups and placebo groups ([Table 6](#t6-212264){ref-type="table"}). As was observed with canagliflozin and dapagliflozin, genital infections were more common with empagliflozin than with placebo ([Table 6](#t6-212264){ref-type="table"}). In most studies, hypoglycemic events were rare and similar across treatment groups. Hypoglycemia was more frequent with empagliflozin than with placebo when added to a sulfonylurea \[[@b67-212264]\].

The overall incidence of AEs was similar with placebo and empagliflozin in patients with stage-II or -III CKD \[[@b71-212264]\]. The proportion of patients with ≥1 AE was higher with empagliflozin (92%) than with placebo (84%) in patients with stage-IV CKD. Hypoglycemia (38% *vs* 32%) as well as urinary tract infections (19% *vs* 8%) and genital infections (3% *vs* 0%) were more common with empagliflozin than with placebo in patients with stage-IV CKD. Small decreases in the eGFR were observed with empagliflozin in patients with stage-II, -III, or -IV CKD. The eGFR returned to baseline three weeks after treatment completion in all CKD groups.

Most studies reported a small increase in HDL-C and no change in triglycerides with empagliflozin compared with placebo \[[@b65-212264]--[@b68-212264],[@b70-212264]\]. Small increases \[[@b66-212264],[@b70-212264]\] or no change in LDL-C were noted with empagliflozin \[[@b65-212264],[@b67-212264]--[@b69-212264]\].

Implications for healthcare providers
=====================================

The integration of lifestyle management, appropriate self-care, and medication adherence is vital to the successful addition of SGLT2 therapies into the antidiabetic regimen. The American Association of Diabetes Educators recognizes seven self-care behaviors that are critical in DM self-management: (i) monitoring, (ii) taking medication, (iii) being active, (iv) eating a healthy diet, (v) problem solving, (vi) healthy coping, and (vii) reducing risk factors \[[@b6-212264]\]. Healthcare providers can play a pivotal part in improving adherence to therapy and support the efforts of other members of the healthcare team in helping patients with T2DM attain and maintain glycemic goals \[[@b72-212264]--[@b74-212264]\].

SGLT2 inhibitors are a new class of agents and most patients may not know the difference between classes. Hence, it is important that healthcare providers explain the unique mechanism of action of these drugs and how to identify, take, and store these medications. Healthcare providers should inform patients about the risk of developing genital infections and urinary tract infections. As the number of patients taking SGLT2 inhibitors increases, healthcare providers will play a very important part in helping patients maintain medication adherence and approach their HbA~1c~ goals.

Summary
=======

Canagliflozin, dapagliflozin, and empagliflozin are medications from the novel SGLT2 inhibitor class that offer a unique treatment option for T2DM that is independent of the secretion or action of insulin. The AACE recommends that SGLT2 inhibitors be considered as a monotherapy option in patients for whom metformin is contraindicated or not tolerated \[[@b4-212264]\]. In addition, SGLT2 inhibitors may be an option as add-on therapy to metformin or another first-line agent as part of dual or triple therapy. Canagliflozin, dapagliflozin, and empagliflozin reduce HbA~1c~, FPG, and PPG ([Table 7](#t7-212264){ref-type="table"}) in patients across various stages of T2DM by promoting removal of excess glucose via increased urinary excretion of glucose. In addition, they are complementary to existing antihyperglycemic agents and improve glycemic control in elderly patients and in patients inadequately controlled with metformin, sulfonylurea, thiazolidinedione, dipeptidyl peptidase-4 inhibitors, or insulin or who are treatment naïve. The weight loss associated with SGLT2 inhibitors may be a benefit to overweight and obese patients with T2DM, and may attenuate the weight gains characteristic of some other therapeutic options. SGLT2 inhibitors also cause modest reductions in BP, probably as a result of weight loss and diuretic action. Increases in HDL-C and minor changes in triglycerides were noted in most clinical trials. However, increases in LDL-C were also noted and need to be monitored and treated. Canagliflozin, dapagliflozin, and empagliflozin were, in general, well tolerated in clinical trials and, as expected based on their mechanism of action, the frequency of hypoglycemia was low except if taken with insulin or an insulin secretagogue. There were increased episodes of genital infections and, in some trials, urinary tract infections, with these agents. These infections were, in general, mild to moderate and resolved with standard treatment. These SGLT2 inhibitors should not be used in patients with impaired renal function (eGFR: \<45 mL/min/1.73 m^2^ for canagliflozin and empagliflozin, \<60 mL/min/1.73 m^2^ for dapagliflozin).

Conclusion
==========

SGLT2 inhibitors are new insulin-independent agents that, given adequate renal function, improve glycemic control in patients with T2DM not adequately controlled by diet and exercise or by other antidiabetic agents. Canagliflozin, dapagliflozin, and empagliflozin also provide reductions in body weight and BP. The most common adverse effects are genital infections and urinary tract infections. Further studies are being conducted to assess the effects of these drugs on cardiovascular outcomes. SGLT2 inhibitors are a promising new treatment option for T2DM.
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###### 

Placebo- or comparator-corrected changes from baseline to study end in HbA~1c~, FPG, PPG, and body weight with canagliflozin in Phase III trials.

                                                                                                    HbA~1c~%     FPG, mg/dL   PPG, mg/dL   Body weight, kg or %                                                        
  -------------------------------------------------------------------------------------------- ---- ------------ ------------ ------------ ---------------------- ----- ----- ---------- ----- ----- --------- ------- -------
  Monotherapy (NCT01081834) \[[@b28-212264]\]                                                  26   8.00--8.10   −0.91        −1.16        167--173               −36   −43   229--254   −49   −65   86--88    −1.9    −2.9
  Add-on to MET (NCT01106677) \[[@b24-212264]\]                                                26   7.9--8.0     −0.62        −0.77        164--173               −31   −40   248--261   −38   −47   85--89    −2.2    −2.5
  Add-on to MET and SU (NCT01106625) \[[@b75-212264]\]                                         26   8.1          −0.71        −0.92        167--173               −22   −34   279--297   −27   −38   91--94    −1.1    −1.7
  Add-on to MET and SU *vs* sitagliptin add-on to MET and SU (NCT01137812) \[[@b25-212264]\]   52   8.1          ND           −0.37        166--167               ND    −27   289--295   ND    −18   88--90    ND      −2.4
  Add-on to insulin ± other antihyperglycemic agents (NCT01032629) \[[@b76-212264]\]           18   8.2--8.4     −0.86        −0.89        153--158               −25   −31   ND         ND    ND    98--102   −1.9    −2.8
  Add-on to MET + pioglitazone (NCT01106690) \[[@b77-212264]\]                                 26   7.9--8.0     −0.62        −0.76        164--168               −29   −36   ND         ND    ND    93--95    −2.7%   −3.7%
  Add-on to MET *vs* glimepiride add-on to MET(NCT00968812) \[[@b14-212264]\]                  52   7.8          −0.01        −0.12        164--166               −6    −9    ND         ND    ND    87        −4.4    −4.7
  Add-on to MET *vs* sitagliptin add-on to MET (NCT01106677) \[[@b24-212264]\]                 52   7.9          0            −0.15        169                    −9    −18   ND         ND    ND    87        −2.4%   −2.9%

FPG, fasting plasma glucose; HbA~1c~, glycated hemoglobin; MET, metformin; ND, not determined; PPG, postprandial glucose; SU, sulfonylurea.

###### 

Adverse events, including genital infections and urinary tract infections and hypoglycemia,[\*](#tfn2-212264){ref-type="table-fn"} with canagliflozin in Phase III trials.

                                                                                                                      Patients, %        
  -------------------------------------------------------------------------------------------- -------------- ------- ------------- ---- ----
  Monotherapy (NCT01081834) \[[@b28-212264]\]                                                  26             ≥1 AE   53            61   60
                                                                                               Genital        2       6             7    
                                                                                               Urinary        4       7             5    
                                                                                               Hypoglycemia   3 45    4             3    
  Add-on to MET and SU (NCT01106625) \[[@b75-212264]\]                                         26             ≥1 AE   50            56   
                                                                                               Genital        0       3             3    
                                                                                               Urinary        3       3             4    
                                                                                               Hypoglycemia   10      22            27   
  Add-on to MET and SU *vs* sitagliptin add-on to MET and SU (NCT01137812) \[[@b25-212264]\]   52             ≥1 AE   78            ND   77
                                                                                               Genital        2       ND            12   
                                                                                               Urinary        6       ND            4    
                                                                                               Hypoglycemia   41      ND            43   
  Add-on to insulin ± other antihyperglycemic agents (NCT01032629) \[[@b76-212264]\]           18             ≥1 AE   53            62   67
                                                                                               Genital        3       12            14   
                                                                                               Urinary        1       5             4    
                                                                                               Hypoglycemia   25      42            43   
  Add-on to MET + pioglitazone (NCT01106690) \[[@b77-212264]\]                                 52             ≥1 AE   77            70   76
                                                                                               Genital        3       8             12   
                                                                                               Urinary        8       5             8    
                                                                                               Hypoglycemia   6       4             6    
  Add-on to MET *vs* glimepiride add-on to MET (NCT00968812) \[[@b14-212264]\]                 52             ≥1 AE   69            64   69
                                                                                               Genital        2       9             11   
                                                                                               Urinary        5       6             6    
                                                                                               Hypoglycemia   34      6             5    
  Add-on to MET *vs* sitagliptin add-on to MET (NCT01106677) \[[@b24-212264]\]                 52             ≥1 AE   67            72   63
                                                                                               Genital        1       8             7    
                                                                                               Urinary        7       8             5    
                                                                                               Hypoglycemia   3       7             7    

Documented hypoglycemia defined by fingerstick or plasma glucose ≤70 mg/dL, irrespective of symptoms and episodes of severe hypoglycemia necessitating assistance or resulting in seizures or loss of consciousness.

AE, adverse event; MET, metformin; ND, not determined; SU, sulfonylurea.

###### 

Placebo- or comparator-corrected changes from baseline to study end in HbA~1c~, FPG, PPG, and body weight with dapagliflozin in Phase III trials.

                                                                                                     HbA~1c~,%    FPG, mg/dL   PPG, mg/dL   Body weight, kg                                                      
  --------------------------------------------------------------------------------------------- ---- ------------ ------------ ------------ ----------------- ----- ----- ---------- ----- ----- -------- ------ ------
  Monotherapy (NCT00528372) \[[@b47-212264]\]                                                   24   7.84--8.01   −0.54        −0.66        160--167          −20   −25   ND         ND    ND    88--94   −0.6   −1.0
  Add-on to MET (NCT00528879) \[[@b46-212264]\]                                                 24   7.92--8.17   −0.40        −0.54        156--169          −15   −17   ND         ND    ND    85--88   −2.1   −2.0
  Add-on to glimepiride (NCT00680745) \[[@b48-212264]\]                                         24   8.07--8.15   −0.49        −0.68        172--174          −19   −26   324--330   −43   −49   81       −0.8   −1.5
  Add-on to pioglitazone (NCT00683878) \[[@b49-212264]\]                                        24   8.34--8.40   −0.40        −0.55        161--169          −19   −24   285--308   −51   −53   85--88   −1.5   −1.8
  Add-on to sitagliptin ± MET (NCT00984867) \[[@b57-212264]\]                                   24   7.9--8.0     ND           −0.50        162--163          ND    −28   226--228   ND    −43   89--91   ND     −1.9
  Add-on to insulin (NCT00673231) \[[@b50-212264]\]                                             24   8.47--8.62   −0.49        −0.57        171--185          −20   −20   ND         ND    ND    93--95   −1.4   −2.0
  Add-on to MET *vs* glipizide add-on to MET (NCT00660907) \[[@b40-212264]\]                    52   7.69--7.74   ND           0            162--164          ND    −4    ND         ND    ND    88       ND     −4.7
  Add-on to MET + SU (NCT01392677) \[[@b78-212264]\]                                            24   8.08--8.24   ND           −0.69        167--180          ND    −33   ND         ND    ND    89--90   ND     −2.1
  Dapagliflozin 5 mg combined with MET XR as initial therapy (NCT00643851) \[[@b41-212264]\]    24   9.14--9.21   −0.70        ND           193--197          −27   ND    ND         ND    ND    84--86   −1.4   ND
  Dapagliflozin 10 mg combined with MET XR as initial therapy (NCT00859898) \[[@b41-212264]\]   24   9.03--9.10   ND           −0.54        189--190          ND    −26   ND         ND    ND    87--89   ND     −2.0

FPG, fasting plasma glucose; HbA~1c~, glycated hemoglobin; MET, metformin; ND, not determined; PPG, postprandial glucose; SU, sulfonylurea; XR, extended release.

###### 

Adverse events, including genital infections and urinary tract infections and hypoglycemia,[\*](#tfn5-212264){ref-type="table-fn"} with dapagliflozin in Phase III trials.

                                                                                                                            Patients, %   
  --------------------------------------------------------------------------------------------- -------------- ------- ---- ------------- ----
  Monotherapy (NCT00528372) \[[@b47-212264]\]                                                   24             ≥1 AE   60   58            69
                                                                                                Genital        1       8    13            
                                                                                                Urinary        4       13   6             
                                                                                                Hypoglycemia   3       0    3             
  Add-on to MET (NCT00528879) \[[@b46-212264]\]                                                 24             ≥1 AE   64   69            73
                                                                                                Genital        5       13   9             
                                                                                                Urinary        8       7    8             
                                                                                                Hypoglycemia   3       4    4             
  Add-on to glimepiride (NCT00680745) \[[@b48-212264]\]                                         24             ≥1 AE   47   48            50
                                                                                                Genital        1       6    7             
                                                                                                Urinary        6       7    5             
                                                                                                Hypoglycemia   5       7    8             
  Add-on to pioglitazone (NCT00683878) \[[@b49-212264]\]                                        24             ≥1 AE   67   68            71
                                                                                                Genital        3       9    9             
                                                                                                Urinary        8       9    5             
                                                                                                Hypoglycemia   1       2    0             
  Add-on to sitagliptin ± MET (NCT00984867) \[[@b57-212264]\]                                   24             ≥1 AE   48   ND            53
                                                                                                Genital        \<1     ND   8             
                                                                                                Urinary        4       ND   5             
                                                                                                Hypoglycemia   3       ND   2             
  Add-on to insulin (NCT00673231) \[[@b50-212264]\]                                             24             ≥1 AE   73   72            74
                                                                                                Genital        3       10   11            
                                                                                                Urinary        5       11   10            
                                                                                                Hypoglycemia   52      56   54            
  Add-on to MET *vs* glipizide add-on to MET (NCT00660907) \[[@b40-212264]\]                    52             ≥1 AE   78   ND            78
                                                                                                Genital        3       ND   12            
                                                                                                Urinary        6       ND   11            
                                                                                                Hypoglycemia   41      ND   4             
  Add-on to MET + SU (NCT01392677) \[[@b78-212264]\]                                            24             ≥1 AE   51   ND            49
                                                                                                Genital        0       ND   6             
                                                                                                Urinary        6       ND   6             
                                                                                                Hypoglycemia   4       ND   13            
  Dapagliflozin 5 mg combined with MET XR as initial therapy (NCT00643851) \[[@b41-212264]\]    24             ≥1 AE   59   69            ND
                                                                                                Genital        2       7    ND            
                                                                                                Urinary        8       8    ND            
                                                                                                Hypoglycemia   0       3    ND            
  Dapagliflozin 10 mg combined with MET XR as initial therapy (NCT00859898) \[[@b41-212264]\]   24             ≥1 AE   57   ND            60
                                                                                                Genital        2       ND   9             
                                                                                                Urinary        4       ND   8             
                                                                                                Hypoglycemia   3       ND   3             

Hypoglycemia defined as symptoms suggestive of hypoglycemia or asymptomatic/symptomatic with plasma glucose \<63 mg/dL.

AE, adverse event; MET, metformin; ND, not determined; SU, sulfonylurea; XR, extended release.

###### 

Placebo- or comparator-corrected changes from baseline to study end in HBA~1c~, FPG, PPG, and body weight with empagliflozin in Phase III trials.

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                                                                                         HbA~1c~,%    FPG,mg/clL   PPG, mg/dL   Body weight, kg                                                           
  ------------------------------------------------------------------------------ ------- ------------ ------------ ------------ ----------------- ------ ------ ----------- ----- ------ -------- ------- -------
  Monotherapy (NCT01177813) \[[@b65-212264]\]                                    24      7.86--7.91   −0.74        −0.85        153--155          −31    −36    ND          ND    ND     78       −1.9    −2.2

  Add-on to MET (NCT01159600) \[[@b66-212264]\]                                  24      7.86--7.94   −0.57        −0.64        149--156          −26    −29    252--264    −52   −50    80--82   −1.6    −2.0

  Add-on to MET + SU (NCT01159600) \[[@b67-212264]\]                             24      8.07--8.15   −0.64        −0.59        151--156          −29    −29    280--298    −33   −34    76--78   −1.8    −2.0

  Add-on to pioglitazone ± MET(NCT01289990)\[[@b68-212264]\]                     24      8.06--8.16   −0.48        −0.61        152               −23    −28    ND          ND    ND     78--79   −2.0    −1.8

  Add-on to insulin ± MET in obese patients (NCT01306214)\[[@b69-212264]\]       18 52   8.29--8.39   −0.44\       −0.52\       150--159          −21\   −28\   ND          ND    ND     96--97   −1.3\   −1.9\
                                                                                                      −0.38        −0.46                          −12    −14                                      −2.4    −2.5

  Add-on to MET *vs* glimepiride add-on to MET (NCT01167881) \[[@b70-212264]\]   52\     7.92\        ND\          −0.07\       150\              ND\    −11\   251--253\   ND\   −13\   83\      ND\     −4.8\
                                                                                 104     --           ND           −0.11        --                ND     −12    252--253    ND    −14    --       ND      −4.5
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

FPG, fasting plasma glucose; HbA~1c~, glycated hemoglobin; MET, metformin; ND, not determined; PPG, postprandial glucose; SU, sulfonylurea.

###### 

Adverse events, including genital infections and urinary tract infections and hypoglycemia,[\*](#tfn8-212264){ref-type="table-fn"} with empagliflozin in Phase III trials.

                                                                                                  Patients, %        
  ------------------------------------------------------------------------------ -------- ------- ------------- ---- ----
  Monotherapy (NCT01177813) \[[@b65-212264]\]                                    24       ≥1 AE   61            55   61
  Genital                                                                        0        3       4                  
  Urinary                                                                        5        7       5                  
  Hypoglycemia                                                                   \<1 59   \<1     \<1                
  Add-on to MET (NCT01159600) \[[@b66-212264]\]                                  24       ≥1 AE   57            50   
  Genital                                                                        0        4       5                  
  Urinary                                                                        5        5       6                  
  Hypoglycemia                                                                   \<1      2       1                  
  Add-on to MET + SU (NCT01159600) \[[@b67-212264]\]                             24       ≥1 AE   63            68   64
  Genital                                                                        1        3       2                  
  Urinary                                                                        8        10      8                  
  Hypoglycemia                                                                   8        16      12                 
  Add-on to pioglitazone ± MET (NCT01289990) \[[@b68-212264]\]                   24       ≥1 AE   73            67   71
  Genital                                                                        2        9       4                  
  Urinary                                                                        16       17      12                 
  Hypoglycemia                                                                   2        1       2                  
  Add-on to insulin ± MET in obese patients (NCT01306214) \[[@b69-212264]\]      52       ≥1 AE   90            86   85
  Genital                                                                        2        4       10                 
  Urinary                                                                        15       16      15                 
  Hypoglycemia                                                                   58       51      58                 
  Add-on to MET *vs* glimepiride add-on to MET (NCT01167881) \[[@b70-212264]\]   104      ≥1 AE   86            ND   86
  Genital                                                                        2        ND      12                 
  Urinary                                                                        13       ND      14                 
  Hypoglycemia                                                                   25       ND      4                  

Hypoglycemia defined by plasma glucose ≤70 mg/dL and/or requiring assistance. AE, adverse event; MET, metformin; ND, not determined; SU, sulfonylurea.

###### 

Summary of effects of SGLT2 inhibitors.

  Parameter        Response
  ---------------- ----------
  HbA~1c~          ⬇
  FPG              ⬇
  PPG              ⬇
  Body weight      ⬇
  Blood pressure   ⬇
  Lipids           
   LDL-C           ⬆
   HDL-C           ⬆
   Triglycerides   ⬇⬆ or ⬌
  Infections       
   Genital         ⬆
   Urinary tract   ⬆ or ⬌

FPG, fasting plasma glucose; HbA~1c~, glycated hemoglobin; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; PPG, postprandial glucose; SGLT2, sodium-glucose co-transporter 2.
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